A recent achalasia guideline suggests that peroral endoscopic myotomy (POEM) is a safe option for achalasia that is as effective as Heller myotomy. It is recommended that POEM should be performed under general anesthesia. The incidence of adverse events such as bleeding, perforation, and carbon dioxide insufflation-related complications was lower in POEM under endotracheal general anesthesia than in POEM under sedation. Subcutaneous emphysema, pneumothorax, pneumomediastinum, pneumoperitoneum, and accompanying hemodynamic instability can be caused by carbon dioxide insufflation. Treatment of possible physiological changes and adverse events during the POEM procedure from the point of view of anesthesiologists may give endoscopists a new perspective on improving patient safety. The territory of therapeutic endoscopy can be expanded through cooperation with other departments, including anesthesia services. Efforts to understand different perspectives will certainly help not only secure patient safety but also expand the area of treatment. Clin Endosc 2019;52:549-555
IntroduCtIon
Esophageal achalasia is a motility disorder of the lower esophageal or cardiac sphincter muscle due to incomplete relaxation. Conventional treatment options include medical treatments such as calcium-channel blockers and nitrates, 1 balloon dilatation, and surgical myotomy using a laparoscopic approach (Heller myotomy). [2] [3] [4] Inoue et al. 4 introduced peroral endoscopic myotomy (POEM) using carbon dioxide (CO 2 ) insufflation; thereafter, various studies have followed regarding technical modification, outcome, feasibility, efficacy, and safety. A recent achalasia guideline suggests that POEM is as effective as Heller myotomy. 5, 6 However, it is recommended that POEM should be performed under general anesthesia rather than under sedation to prevent unintentional patient movement and reduce mediastinal emphysema by achieving a positive intrathoracic pressure. 7 Wang et al. reported that the incidence of adverse events (bleeding, perforation, and CO 2 insufflation-related complications) was lower in POEM under endotracheal general anesthesia than in POEM intravenous sedation. 8 Therefore, mutual cooperation and communication between anesthesiologists and endoscopists by improving the operator's understanding of general anesthesia is necessary. On the other hand, treatment of possible physiological changes and adverse events during the POEM procedure from the point of view of anesthesiologists may give endoscopists a new perspective on improving patient safety.
PrEoPErAtIvE PAtIEnt AssEssMEnt
Preoperative patient assessment is highly important. The risk of general anesthesia is assessed by integrating history taking, physical examination, and preoperative laboratory findings. Depending on the degree of risk, physical status is rated in accordance with the American Society of Anesthesiologists (ASA) classification (Table 1) . 9 This classification is an independent predictor of medical complications and mortality, and is used not only in the field of anesthesia for surgery but also in sedation performed outside the operating room. 10 It could be needed in additional precise evaluations for patients with high ASA classification. Clinicians should obtain informed consent from patients about possible perioperative complications and risks associated with patients' underlying conditions.
FAstIng
Fasting is essential before a general anesthesia because of the risk of aspiration pneumonia caused by reflux of gastric contents when positive pressure ventilation with a face mask is performed or the patient moves unintentionally and coughs. Preoperative fasting is usually 8 h in principle, but recently, it is recommended to allow 6 h for light meal and 2 h for clear liquid recently. 11 However, no guideline exists for anesthesia management and pre-fasting time for POEM to date. In a recent case series on POEM anesthesia management, fasting times were reported to range from 8 h to 48 h. [12] [13] [14] [15] Whether esophagogastroduodenoscopy (EGD) should be performed prophylactically to remove food that may remain in the esophagus is controversial. Prophylactic EGD was performed in two case series, 12, 15 but not in the other two series. 13, 14 One case series without prophylactic EGDs recognized the need for it, 14 and the other claimed that prophylactic EGD itself was not necessary as it increased the patient' s risk of aspiration. 13 Further prospective studies on fasting time and prophylactic EGD for POEM will be needed in the future.
PAtIEnt MonItorIng
Patient monitoring is based on standardized monitoring devices for noninvasive blood pressure, pulse oximetry, and electrocardiography (lead II) for general anesthesia. If the patient has cardiovascular or pulmonary disease, invasive arterial blood pressure monitoring and serial arterial blood gas analysis may be helpful. After endotracheal intubation is complete, capnography is monitored to view end-tidal CO 2 
ASA VI
A declared brain-dead patient whose organs are being removed for donor purposes The addition of "E" denotes Emergency surgery: an emergency is defined as existing when delay in treatment of the patient would lead to a significant increase in the threat to life or body part. ARD, acute respiratory distress; ASA, American Society of Anesthesiologists; BMI, body mass index; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; DIC, disseminated intravascular coagulation; DM, diabetes mellitus; ESRD, end-stage renal disease; HTN, hypertension; MI, myocardial infarction; PCA, post conceptual age; PS, physical status; TIA, transient ischemic attack.
(etCO 2 ), which can be used to estimate arterial CO 2 partial pressure (PaCO 2 ). For the POEM procedure, gas insufflation is essential for the formation of a submucosal tunnel and proper visualization. CO 2 is the most commonly used gas because it is noncombustible, inexpensive, and colorless. In addition, it is believed to be safer than air because it is rapidly absorbed into the body and is excreted by the lungs and melts well in water, reducing the risk of embolism. 16 PaCO 2 is usually 4 to 5 mm Hg higher than etCO 2 . The capnography should be closely monitored by anesthesiologists and increases in etCO 2 must be managed by appropriate increases in the minute ventilation to maintain etCO 2 under 45 mm Hg. 13 Meanwhile, the peak inspiratory pressure (Pmax) must be closely observed during ventilator operation. POEM-related increase in Pmax can imply elevation of intra-abdominal pressure and serve as a clinical indicator of the need for percutaneous abdominal needle decompression (PND) during pneumoperitoneum. 15
InduCtIon oF AnEsthEsIA
The most important thing in the induction of anesthesia in patients with achalasia is the prevention of aspiration. In general, general anesthesia is known to induce aspiration at a rate of 3/10,000. 16 However, in patients with achalasia, the probability of aspiration is higher than that in the general population, as the presence of food in the esophagus cannot be confirmed unless prophylactic EGD is performed. Therefore, in most cases, rapid sequence induction (RSI) is mandatory. RSI is used when fasting time is not known or not enough to minimize the risk of aspiration of gastric contents by using hypnotics and neuromuscular blocking agents with short onset time, with the assistant pressing the cricoid cartilage and minimizing or without positive pressure ventilation via face mask. A succinylcholine-depolarizing neuromuscular blocking agent is most suitable for RSI owing to its rapid onset of action. However, because it can cause many adverse effects, 17 it is not an optimal choice. Instead, use of nondepolarizing neuromuscular blocking agents such as rocuronium, which has a relatively short effect onset time, is recommended. When rocuronium 1.2 mg/kg was used with propofol, no significant difference in intubation condition was found in comparison with succinylcholine. 18 In addition, the types and doses of hypnotics, opioids, and inhalation anesthetics should be individually selected depending on the patient' s underlying disease and hemodynamic status. After intubation, the endotracheal tube is fixed to the right side of the mouth to facilitate entry of the endoscope. The airway approach has two options, orotracheal and nasotracheal intubation. The benefits of orotracheal intubation are the large diameter, less airway bleed-ing, and easy suction of the respiratory tract. However, it can be moved along the endoscope in the oral cavity. By contrast, nasotracheal intubation is expected to be a relatively separate pathway to the larynx. The drawbacks of the nasotracheal tube are the smaller internal diameter than that of the orotracheal tube, easily causes nasal bleeding, and the curved tube, which makes suction difficult. Moreover, as the endoscopist usually stands next to the patient' s head and perform surgery, accessibility to the airway may be difficult. Therefore, the proper depth and fixation of the endotrachaeal tube should be confirmed, and care should be taken to ensure that the eyes are properly protected. 19 The abdomen is preferred to exposure to assist in detecting and treating pneumoperitoneum.
PossIblE PhysIologICAl ChAngEs In PoEM
General anesthesia for POEM is followed by physiological changes according to the characteristics of the procedure. First, cardiovascular responses occur, including increased mean arterial pressure (MAP) and heart rate (HR). 15 Löser et al. suggested that this should be understood in a context similar to the elevation of MAP and HR during laparoscopic surgery. 15 The direct causes of absorbed CO 2 , 20 mechanical vascular compression, 21 sympathetic stimulation, 22 secretion of norepinephrine, 23 and hemodynamic changes observed in POEM may be similar. Second, it might represent an impairment of the systemic CO 2 balance and increases in Pmax. 15 This is mostly due to endoscopic CO 2 insufflation during POEM. As peritoneal absorption of CO 2 during laparoscopic surgery, we suggest that subcutaneous, submucosal, and mediastinal CO 2 absorption contribute to CO 2 imbalance that induces respiratory acidosis. Increased Pmax implies elevated intra-abdominal pressure. It could be caused by gastric distension or pneumoperitoneum. It is treatable by suctioning of the stomach or PND. Anesthesiologists must continue monitoring these parameters carefully and ask endoscopists not to insufflate too much CO 2 or to do suction of the stomach. Communication between anesthesiologists and endoscopists is important, and endoscopists need to understand the situation of the patients. Anesthesiologists try to maintain homeostasis and the adjust vital signs of patients by controlling the use of various anesthetics and drugs. However, POEM-related increase in Pmax and PaCO 2 are difficult to control only by anesthesiologists. If communication between anesthesiologists and endoscopists is appropriate, the risk of procedure-related complications can be reduced.
PoEM-rElAtEd AdvErsE EvEnts
POEM is supposed to be related with various adverse events. Early adverse events are perioperative complications, including mucosal injury, esophageal perforation, major bleeding, subcutaneous emphysema, pneumothorax, pneumomediastinum, pneumoperitoneum, and pleural effusion. Late complications are related with patient outcomes such as symptomatic gastroesophageal reflux disease and esophagitis. 24 Among them, anesthesiologists are concerned about perioperative adverse events especially related to CO 2 insufflation because efforts may be necessary to detect and reduce their incidence.
InsuFFlAtIon-rElAtEd AdvErsE EvEnts
The most common adverse events associated with POEM are related to gas insufflation pneumomediastinum, pneumothorax, pneumoperitoneum, and subcutaneous emphysema because endoscopically insufflated gas may inadvertently track into surrounding tissues. The incidences of insufflation-related adverse events are quite variable, ranging from 7.5% to 55.5%, according to studies. [25] [26] [27] [28] Pneumoperitoneum may cause inferior vena cava compression, preload reduction, and subsequent decreased cardiac output, especially in volume-depleted patients. These physiological changes are counterbalanced by sympathetic stimulation, causing tachycardia and systemic vasoconstriction. These alterations in physiological functions may put patients with compromised cardiopulmonary functions at risk.
Two main factors reduce this complication, namely using CO 2 instead of air and reducing the total volume of gas insufflation. 7 As several research studies have established that air is absorbed 150 times slower than CO 2 and CO 2 insufflation is safe for endoscopic submucosal dissection, 29-32 using CO 2 is mandatory to decrease the volume of gas within the cavity or connective tissue space. Another crucial factor is to minimize the total amount of gas insufflated. Familiari et al. in a series of 100 patients who underwent POEM reported that low-flow CO 2 tubing caused no events of tense pneumoperitoneum, whereas medium-or high-flow CO 2 tubing resulted in tense pneumoperitoneum in 36.7%. 33 Our institution applies low flow CO 2 (approximately 1±0.3 L/min), which is considered appropriate to reduce complications associated with CO 2 insufflation. Further study is needed to investigate the correlation between CO 2 flow rate and the incidence of insufflation-related adverse events. Thus, this needs to be dealt with from an anesthesiologist' s point of view. hyperventilation General anesthesia with endotracheal intubation allows control of the minute ventilation volume. CO 2 uptake caused by insufflation may be mitigated to some degree by hyperventilation. With anesthetic monitors showing etCO 2 on screen, anesthesiologists can control tidal volume or respiratory rate, assuming PaCO 2 . However, once subcutaneous emphysema occurs, hyperventilation alone cannot maintain normocapnea because CO 2 is continuously absorbed into circulation.
Peak inspiratory pressure control
During POEM, Pmax increases because of gastric distension or pneumoperitoneum. High Pmax can cause lung injury. 34 It is helpful to expose the patient' s abdomen to identify and treat pneumoperitoneum. 15 To decrease Pmax, anesthesiologists usually reduce tidal volume and increase the respiratory rate to maintain minute ventilation. If Pmax continues to increase and the patient' s abdomen is distended, the anesthesiologist can inform the endoscopists and ask for the necessary measure, including reducing CO 2 insufflation, gastric suction, and PND. On the other hand, Inoue et al. insisted that positive pressure ventilation should be preferred at higher pressures than those generated by endoscopic CO 2 insufflation to reduce mediastinal emphysema and the risk of embolization. 4 There is disagreement over the limitation of Pmax during POEM up to now. Löser et al. 15 reported the mean Pmax of patients needing PND was 22.8 cmH 2 O. They set the indication for PND at approximately 20% from the baseline Pmax. Another study managed the patient' s Pmax under 38 cmH 2 O. 13 Increasing Pmax to >38 cmH 2 O was managed by pulling back the endoscope from the tunnel and inserting it in the stomach lumen to suction excess CO 2 . If simultaneous increases in Pmax and etCO 2 were observed, they treated it with PND. Taking the findings together, our opinion is that although the baseline Pmax may vary among patients depending on body mass index or underlying pulmonary disease, we consider it better to maintain Pmax at <30 cmH 2 O.
subcutaneous needle drain
Subcutaneous emphysema is most common among insufflation-related adverse events during POEM. As described earlier, detection of subcutaneous emphysema is important. Table 2 shows the recognizable changes that occurred with subcutaneous emphysema. 35 Increased CO 2 absorption can be somewhat managed by hyperventilation. However, subcutaneous needle drain at the area of the most severe subcutaneous emphysema would be needed. 36 After alcohol swab, the skin is punctured with a short 26-gauge needle. Then, the surrounding skin tissue with crepitus is squeezed manually. Although it can be helpful to drain the entrapped CO 2 out-side, the ultimate solution is to end the procedure quickly.
Percutaneous abdominal needle decompression
Increased abdominal pressure is determined from clinical signs such as tympanic percussion sounds, distension of abdominal, subcutaneous emphysema, and increased Pmax. Increased abdominal pressure causes a negative effect on the pulmonary mechanics, decreased venous return to the heart, and decreased visceral organ perfusion. As PND is an invasive procedure, communication and consensus between the endoscopist and the anesthesiologist are mandatory. For PND, a 14-or 16-gauge angiocatheter cannula is inserted under sterile conditions at the point of the right upper abdominal quadrant at least 5 cm below the rib cage after confirming that the lower edge of the liver could not be palpated (Fig. 1) . 15 According to the author' s opinion, to secure safety, ultrasonography-guided needle puncture would be a good choice.
POEM-related adverse events, especially focusing insufflation-related adverse events, have been discussed. Although these are usually well managed without clinical morbidity, patient' s pain and increased cost due to treatment of adverse events must be reduced. Thus, detection of the preceding signs of perioperative adverse events and prevention with close communication and cooperation are valuable.
PostoPErAtIvE PAIn Control
Postoperative pain is one of the most undesirable experiences after surgery. Not only subjective pain itself but also side effects related to postoperative pain such as cardiovascular effects, respiratory depression, urinary and digestive dysfunction, and neuroendocrine dysfunction are a major concern for anesthesiologists. 37 Postoperative pain control is essential for POEM because it results in a considerable amount of postoperative pain. Patient-controlled analgesia (PCA) with an opioid can satisfy the different ranges of analgesia required for individual patients. 38 Opioids are widely used for PCA owing to their excellent analgesic effect; however, they can cause adverse events such as nausea, vomiting, pruritus, and respiratory depression. 39 Combining adjunctive medications, including non-steroidal anti-inflammatory drugs, ketamine, and anti-emetics, has been used to minimize opioid-related side effects. 40, 41 A recent study showed that administration of dexmedetomidine with opioid-based postoperative PCA can exert a high analgesic effect and reduce opioid consumption and related adverse events. 42
PostoPErAtIvE nAusEA And voMItIng
General anesthesia itself or opioid use for postoperative pain control can cause postoperative nausea and vomiting (PONV). PONV occurring immediately after the POEM procedure can cause bleeding and, in severe cases, damage to the surgical site. Various factors such as patient characteristics, anesthesia methods, surgical procedure, and postoperative care contribute to the increase in the incidence of PONV. 43 Female sex, non-smoking, a history of fast-motion sickness, and the use of postoperative opioids are known as risk factors of PONV. From a preventive point of view, propofol is well known to have an antiemetic effect. Therefore, total intrave- nous anesthesia using propofol has been reported to be an effective method for reducing the incidence of PONV. 44 In a therapeutic approach, serotonin (5-hydroxytryptamine, subtype 3 [5-HT 3 ]) receptor antagonists have been most widely used because of its minimal side effects. First-generation (ondansetron, granisetron, ramosetron, and tropisetron) and second-generation (palonosetron) 5-HT 3 receptor antagonists are available. 45 If the patient is at risk of PONV, the 5-HT 3 antagonists are considered the first drugs of choice. Other drugs such as metoclopropamide and dexamethasone can also be used as preventive or therapeutic drugs. 46
FuturE oF AnEsthEtIC MAnAgEMEnt For PoEM
Currently, efforts are being made to provide anesthesia services in the endoscopic unit. Aside from sedation for EGD, general anesthesia is also being offered in the endoscopic unit by a dedicated team of anesthesiologists with extensive experience in gastrointestinal endoscopy. 47 Yang et al. 13 supported the feasibility of POEM performed by an endoscopist in the endoscopic unit. The major advantage of performing POEM in an endoscopic unit is that endoscopists can perform it in a familiar environment with no hassle of endoscopic equipment movement. However, some conditions must be met. Pannu et al. 48 suggested that preparation of the following before performing POEM in an endoscopic unit is essential: (1) stateof-the-art facilities, (2) general anesthesia equipment in the endoscopy unit, (3) full anesthesia support team with protocol of anesthesia for POEM, (4) Considering surgical back-up.
On the other hand, no anesthetic guidelines have been established for POEM and anesthetic management is inadequate. Appropriate fasting guidelines, precautions during induction, and consensus about treating insufflation-related adverse events should be studied.
ConClusIons
POEM is an effective and safe treatment option for achalasia. It is representative of a new era in which the territory of therapeutic endoscopy can be expanded through cooperation with other departments, including anesthesia services. Efforts to understand different perspectives will certainly help not only secure patient safety but also expand the area of treatment.
